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. Derivative chronopotentiometry oT Multicomponent ,Systems 

(Abstract)  

Robert H. GiSson, University of North Carolina a t  Charlotte,  
and. Pe te r  E. sturroc?<, Georgia I n s t i t u t e  0;' Technology 

I n  a previous paper', Gerivative chronopotentiometry v i a s  ap- 
p l i ed  t o  systems 02 only one e l ec t roac t ive  species.  I n  t h i s  paper the 
method i s  extended t o  systems with severa l  e l ec t roac t ive  species. 

9sing t h e  Response Function Additivity P r inc ip l e  05 Murray and 
the  l~ullc concentration of t h e  j - t h  component i s  given by Rei l ley 

equation'  (1 1. 

2 i  1 /2  - j -1 
CW o,j = 
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j -lT 
During t h e  j - th  s tep  of the chronopotentiogram ( ; T m ) t > x  m )  

m = l  m = l  

( 2 )  

r, j ( o , t )  and C 
, j  ( o , t )  Solving equations (1)' and ( 2 )  f o r  c0 

(3 1 

(4) 

I f  the j - th  component i s  r eve r s ib l e ,  the potent ia  
l a t i o n s h i p  is  obtained by subs t i t u t ing  equations ( 3 )  and 
Nernst equation. 
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Different ia t ing equation (5' 

For the case, j = l ,  y u a t i o n s  ( 5 )  and ( 6 )  reduce t o  those f o r  a s in -  
g l e  Component system . 
evaluated by ta?cing t h e  second de r iva t ive  and equating it t o  zero. 

The minimum of t h e  de r iva t ive  funct ion 1s 

- /' 

A d i  i ta1 computer was p r o g r y e d  t o  solve t h e  r i g h t  s i d e  of 
equation (77 f o r  specif ied values of 
i n  t abu la r  form. All of the terms on the l e f t  s ide  of equation ( 7 )  
a r e  known o r  obtainable by experiment. Then the corresponding value 
of "a" can be read from the table.  

a" and t o  p r i n t  o u t  the r e s u l t s  

Combining equations (1) and ( 8 ) ,  

Equation (9)  k y  be used t o . o b t a i n  C z  . d i r e c t l y  
densi ty  and diffusion c o e f f l c l e n t  
curacy. ~ f ,  such i s  not the case, graphical ,  standard-addition tech- 

provided t h e  current  
73 a r e  knovd mth s u f f i c l e n t  ac- 

niques can be employed. 

mese standard-addition techniques a r e  b a s e d  on the f a c t  tha t  
a p l o t  of 
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j -1 1/2 * versus (a-1) 

, ‘0,j 

i s  a s t r a i g h t  l i n e  through t h e  or ig in .  Thus such a p l o t  can be con- 
s t ruc t ed  with C* . added, and then the  p l o t  can be sh i f ted  along the 
concentration a x i s  u n t i l  t h e  extrapolated l i n e  i n t e r s e c t s  the o r i -  
gin.  The concentration, of t h e  point  f o r  zero addi t ion,  thkn can be 
read off of the p l o t .  

This procedure may be s implif ied i f  the addi t ion is  carr ied out 
without d i l u t i o n  of t h e  species  more reducible than  t h e  j - t h  species. 
For example, t h e  sample may be s p l i t  i n t o  t w o  equal  port ions,  t h e  addi- 
t i o n  made t o  one po r t ion  and then both so lu t ions  d i lu t ed  t o  the same 
total  volume. Derivat ive chronopotentiograms a r e  then performed on 
various mixtures of t h e  t w o  solut ions.  I n  t h i s  way j-lT i s  kept 
constant and a p l o t  of Cz 

m=l e f f e c t  of 
the  double-layer charging current .  For s ing le  component systems, de- 
r i v a t i v e  chronopotentiometry is r e l a t i v e l y  in sens i t i ve  t o  double-layer 
char ing3 and semiempirical co r rec t ion  techniques have proved ef fec-  

ponent systems. 
t o  devise  a correct ion technique similar t o  t h a t  devised Lor s ingle  
component systems. An a l t e r n a t i v e  approach i s  ava i l ab le  however, 
s ince an instrumentat  method f o r  charging current  correcikon has re -  
cen t ly  been reported . 

z m  versus (a-1) i s  l i n e a r .  
, j  

The preceding de r iva t ions  do not consider the  

t i V e  5! . However, t h e  s i t u a t i o n  appears t o  be more ser ious € O r  m U l t i C O m -  

Work i s  continuing i n  these  l abora to r i e s r in  an attempt 
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